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(57) ABSTRACT 

An experimental design for motion estimation in video 
compression that reduces the number of search locations 
Within a search WindoW by selecting the search locations 
from a prede?ned orthogonal table. The search locations are 
then compared With a reference block to generate match 
values that are used to generate level-values re?ecting 
dispositional relationships of the search locations and the 
relative magnitudes of the match-values. A preliminary 
motion vector is generated according to the relative magni 
tudes of the level-values. Candidate results are also gener 
ated based on the match-values. A ?nal motion vector is 
generated by applying predetermined formulas to the level 
values and altering the preliminary motion vector according 
to the candidate results When indicated to do so by the results 
of the formulas. 
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EXPERIMENTAL DESIGN FOR MOTION 
ESTIMATION 

BACKGROUND OF INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to motion estimation 
for video compression. More speci?cally, an experimental 
design for motion estimation for video compression is 
disclosed. 

[0003] 2. Description of the Prior Art 

[0004] Video has become an integrated part of everyday 
electronic devices. While bandWidth and processing poWer 
continue to increase rapidly, the increases have only served 
to raise the demand for higher quality video products, Which, 
in turn, require an even larger bandWidth and even more 
processing poWer. 

[0005] Video compression standards have long been avail 
able to loWer the required bandWidth and alternatively to 
increase the amount of video data that can be stored in any 
given siZed storage media. In line With these goals, motion 
estimation is Widely used for video compression standards 
such as MPEG-1, MPEG-2, and MPEG-4 among others. 

[0006] The conventional methods for motion estimation 
are Well knoWn to those skilled in the art. Please refer to 
FIG. 1. In general, each frame goes through a process Where 
a current video frame is read into memory. Asmall reference 
block is located Within a larger search WindoW of the current 
frame and a motion vector is generated estimating the 
direction of motion of the reference block Within the search 
WindoW. This motion vector is used in conjunction With 
information from the previous frame to generate an esti 
mated image frame in respect to the current frame. The 
estimated image frame is then subtracted from the current 
frame, Which effectively removes duplicated imagery and 
results in much less data necessary to be saved in the output 
?le. 

[0007] Because the estimated image frame is subtracted 
from the current frame and only the difference is saved, it is 
obvious that the more accurate the estimation is, the smaller 
the output ?le is. The accuracy of the estimated image frame 
to a large degree depends on the accuracy of the motion 
vector. The accuracy of the motion vector in turn depends on 
the accuracy of locating the reference block Within the 
search WindoW. 

[0008] It is generally accepted that the reference block can 
be located Within the search WindoW most accurately using 
a full search as shoWn in FIG. 1. A full search consists of 
comparing the reference block sequentially With every pos 
sible location Within the search WindoW. For each location, 
the comparison is done by adding the absolute values of the 
difference betWeen the brightness of each piXel in the 
reference block and the brightness of the corresponding 
piXel in the current search location. The location With the 
loWest total of absolute values is considered the best match 
and is selected to be used to calculate the motion vector. 

[0009] While the most accurate, the problem With the full 
search method is the amount of calculations that need to be 
performed. For eXample in FIG. 1, the reference block is 
shoWn as 8 by 8 piXels and the search WindoW is shoWn as 
16 by 16 piXels. In this case, a full search requires comparing 
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81 possible locations With the reference block, each requir 
ing calculating and summing 64 absolute values before the 
best match can be found. Obviously using more than one 
reference block or larger search WindoWs drives the number 
of required calculations upWard prohibitively. Because 
decoding the compressed video usually must be done on a 
real time basis and involves the similar processing steps in 
reverse, a tradeoff is made to balance the accuracy of the 
motion vector against the amount of arithmetic processing 
necessary, and therefore speed, When encoding or decoding 
motion estimation compressed video. 

[0010] To reduce the number of calculations required, 
some algorithms compare the reference block With only 
selected, representative locations Within the search WindoW 
instead of every possible location. While this results in some 
loss of quality and in a larger ?le, the gain in speed is 
dramatic and the quality is still acceptable. The quality of the 
video is de?ned as being acceptable if the original and the 
processed images are indistinguishable to an average vieWer 
at a distance of 6 times the height of the image. Examples 
of this method include a Three-step search, a Four-step 
search, and a hierarchical search. 

[0011] A common approach to the compression problem 
involves generating three copies, or layers, of each frame. 
The ?rst layer is identical With the original image. The 
second layer is the original image at one-half resolution. The 
third layer is the original image at one-fourth resolution. The 
third layer is searched ?rst to ?nd the best match of the 
reference block as described above and the center point of 
this best match is used as the central starting position of a 
second search in the higher resolutioned second layer. Simi 
larly, the results of the second search yield a starting central 
starting position for a third search in the ?rst layer. The 
position of the best match to the reference block in the ?rst 
layer is used to calculate the motion vector. 

[0012] To reduce the number of calculations necessary, the 
eXact search process performed on any layer varies from 
method to method, hoWever a full search is not necessary. 
Usually, a reduced number of search blocks Within the 
search WindoW are selected and sampled according to the 
particular method used. FIG. 2 illustrates an eXample of one 
such prior art method. In FIG. 2, an 8 by 8 piXel reference 
block is compared With 9 equally spaced 8 by 8 piXel search 
blocks Within the 1 6 by 16 piXel search WindoW. In this 
method, the number of search locations has been reduced 
from the 81 locations required by the full search in FIG. 1 
to only the 9 locations (on each layer) shoWn in FIG. 2, a 
dramatic improvement, and still results in acceptable quality 
video. HoWever, the number of calculations required for 
each video frame is still quite high and any further reduction 
in the number of search locations reduces processor load 
alloWing higher resolution or larger images to be real-time 
encoded and decoded. 

SUMMARY OF INVENTION 

[0013] It is therefore a primary objective of the claimed 
invention to disclose a device and method of motion esti 
mation using a reduced number of search locations. This 
reduction in search locations reduces the number of arith 
metic calculations needed for motion estimation, reducing 
processor load alloWing higher resolution or larger images to 
be encoded and decoded in real-time. 
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[0014] Brie?y summarized, the claimed invention dis 
closes selecting the search locations Within the search Win 
doW according to an orthogonal table. A reference block is 
then compared With each search location and a match-value 
is generated for each search location representing hoW 
closely that search location matches the reference block. 
One example of the present invention generates match 
values by summing the absolute difference of brightness 
values for each pixel in the reference block compared to the 
corresponding pixel in the search location. Another example 
uses the mean absolute difference in brightness values to 
generate the match-values. 

[0015] Next, for each column in the orthogonal table, ?rst 
and second level-values are respectively generated accord 
ing to the match-values of the search locations having a ?rst 
or second value in the orthogonal table. Third level-values 
that are the absolute difference of the ?rst and second 
level-values for each column in the orthogonal table are then 
calculated. Next, a preliminary motion vector based on the 
relative magnitudes of the ?rst level-values and the second 
level-values is then generated. Then a candidate result based 
on the match-values is calculated for each interactive effect 
column in the orthogonal table. Finally, the preliminary 
motion vector is altered to values designated by the candi 
date results When predetermined formulas indicate that the 
preliminary motion vector requires adjustment to generate a 
?nal motion. 

[0016] The present invention also encompasses a device 
uses motion estimation in video compression. The device 
includes a memory and a control circuit for executing 
computer code stored in the memory. The computer code 
determines a plurality of search locations Within a search 
WindoW, comparing a reference block With each search 
location and generating a match-value for each search 
location, generating a plurality level-values, generating a 
preliminary motion vector based on the level-values, gen 
erating candidate results, and generating a ?nal motion 
vector by altering the preliminary motion vector according 
to the candidate results as indicated by a predetermined set 
of formulas. Additionally, the above described computer 
code may be stored on a computer readable media and 
loaded into memory as required. 

[0017] It is an advantage of the claimed invention that 
reducing the number of search locations reduces the number 
of arithmetic calculations needed for motion estimation, 
reducing processor load alloWing higher resolution or larger 
images to be encoded and decoded in real-time Without 
sacri?cing the quality of the video image. 

[0018] These and other objectives of the claimed invention 
Will no doubt become obvious to those of ordinary skill in 
the art after reading the folloWing detailed description of the 
preferred embodiment, Which is illustrated in the various 
?gures and draWings. 

BRIEF DESCRIPTION OF DRAWINGS 

[0019] FIG. 1 is an illustration of using a small reference 
block to search a larger search WindoW for motion estima 
tion in video compression. 

[0020] FIG. 2 illustrates the central starting positions of 
selected search blocks Within a search WindoW according to 
the prior art. 
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[0021] FIG. 3 illustrates a comparison of the selected 
search blocks in FIG. 2 With selected search blocks accord 
ing to the present invention. 

[0022] FIG. 4 is a How chart of motion estimation accord 
ing to the present invention. 

[0023] FIG. 5 is a functional block diagram of a motion 
estimation device according to the present invention. 

DETAILED DESCRIPTION 

[0024] Throughout the folloWing description of motion 
estimation in video compression according to the present 
invention, the term “motion vector” is de?ned to be a 
coordinate Within a search WindoW that de?nes the position 
of a search location Within that search WindoW. In the 
folloWing examples, the coordinate corresponds to the upper 
left corner of the search location but is not to be restricted 
as such. Correspondences elseWhere Within the search Win 
doW are equally possible With the addition of an appropriate 
offset. 

[0025] Additionally, for the sake of simplicity in the 
examples, the search WindoW is de?ned to be a square block 
16 by 16 pixels and a reference block is de?ned to be a 
square block 8 by 8 pixels although changes in the siZe or 
shape of either the search WindoW or the reference block 
Would still fall Within the scope of the present invention. 

[0026] A 4-bit number (for example “1010”) representing 
the X coordinate and another 4-bit number representing the 
Y coordinate of the search WindoW Would best represent the 
motion vector for such an arrangement. The most signi?cant 
bit of the X coordinate Will be variable and referred to as 
“A”. The second most signi?cant bit of the X coordinate Will 
be variable and referred to as “B”. The most signi?cant bit 
of the Y coordinate Will be variable and referred to as “C”. 
The second most signi?cant bit of the Y coordinate Will be 
variable and referred to as “D”. The remaining bits of the X 
and the Y coordinates Will be referred to as xx1 and yy1 (for 
the X and Y coordinate) and are ?xed design parameters that 
may be adjusted to ?ne-tune a given system. Thus, using a 
combination of the X and Y coordinates ABxx1 and CDyy1 
alloWs unique identi?cation of any of the 81 possible 8 by 
8 pixel search location Within the search WindoW by 
uniquely identifying the upper left corner of the search 
location. The speci?c values used in this example are 
xx1=10 and yy1=10 to produce a better distribution of the 
search locations but do not limit the scope of the invention. 

[0027] The key to reducing the number of search locations 
in a search WindoW is in identifying a small subset of the 
possible search locations that are representative of different 
areas of the search WindoW. For aiding a variety of analytical 
purposes, statisticians have long established a great diversity 
of tables. One such table type is called an orthogonal table 
and the established orthogonal table for the 4 variables A, B, 
C, and D is shoWn beloW in Table 1. 

TABLE 1 

A B AB C AC BC D 

Sample 1 O O O O O O 0 
Sample 2 O O O 1 1 1 1 
Sample 3 O 1 1 O O 1 1 
Sample 4 O 1 1 1 1 O O 
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TABLE 1-continued TABLE 2 

A B AB C AC BC D A B C D SAD 

Sample 5 1 0 1 0 1 0 1 Sample 1 0 0 0 0 123 
Sample 6 1 0 1 1 0 1 0 Sample 2 0 0 1 1 234 
Sample 7 1 1 0 0 1 1 0 Sample 3 0 1 0 1 23 
Sample 8 1 1 0 1 0 0 1 Sample 4 0 1 1 0 545 

Sample 5 1 0 0 1 123 
Sample 6 1 0 1 0 633 

~ ~ ~ ' Sample 7 1 1 0 0 579 

[0028] The table is generated using the statistical model Sample 8 1 1 1 1 444 
for four variables x=p+A +B+C+D+A><B+A><C+B><C+e 
where e is an error factor, and p is an average of A, B, C, D, 
AB, AC, and BC. It is important to note that the italicized A, 
B, C, and D in the statistical model are not the same as the 
four variables A, B, C, and D previously de?ned. A (itali 
ciZed) is not equal to A (un-italiciZed). A (italicized) is the 
effect of A (un-italiciZed), meaning that if A (un-italiciZed) 
is changed, X will change by this amount. Additionally, the 
notations A><B, A><C, and B><C do not mean multiplication, 
rather indicate the interactive effects of A and B, A and C, 
and B and C From the table 1, search locations can be 
determined. The binary bit in column A can be used as the 
most signi?cant bit of an X coordinate in the search window, 
in column B, the second most signi?cant bit of the X 
coordinate in the search window. The binary bit in column 
C can be used as the most signi?cant bit of a Y coordinate 
in the search window, and column D can be used as the 
second most signi?cant bit of the Y coordinate in the search 
window. 

[0029] Each row in Table 1 represents a search location. 
For example, the search location labeled “Sample 1” is an 8 
by 8 pixel block extending downward and to the right of the 
coordinate (00xx1, 00yy1)in the search window. Although 
the number of possible combinations of the variables A, B, 
C, and D is 1 6, use of the orthogonal table reduces the 
number of search locations (Sample 1 to Sample 8) to only 
8, a reduction from the number of search locations used in 
the prior art. 

[0030] Now that the search locations have been identi?ed, 
an 8 by 8 pixel reference block is compared with each of the 
8 search locations in the search window of the current video 
frame. As in the prior art, the comparison is normally done 
by summing the absolute values of the difference in bright 
ness between each pixel in the reference block and the 
corresponding pixel in the search location. The search 
location that has the lowest sum of the absolute differences 
(SAD) is considered the best match. However, another 
method of comparison used in another embodiment of the 
present invention, such as selecting the search location with 
the lowest mean absolute differences, also falls within the 
spirit of the invention. What is obviously important is to ?nd 
the search location having the best match-value with the 
reference block. In this explanation, the SAD is used to 
select the best match-value. 

[0031] Table 2 shows a simpli?ed version of Table 1 
showing only the columns A, B, C, and D (representing the 
respective coordinate values for each of the search locations) 
and an additional column (SAD) showing the SAD of search 
locations using an example reference block and search 
window. The speci?c SADs shown here are only an example 
to facilitate disclosure of the present invention and may vary 
as the speci?c reference block and/or search window 
changes. 

[0032] Even though the 8 search locations identi?ed by the 
orthogonal table are considered to be representative of areas 
of the search window, the present invention again differs 
from the prior art in the generation of the motion vector. 
Prior art methods, given the data in the Table 2, would 
merely assume that Sample 3 is the best match and use the 
coordinates of Sample 3 to begin a new search on the next 
highest resolutioned level. However, it is an important and 
necessary step in the present invention to analyZe the 
relationships of the SADs of all the search locations within 
the search window in order to generate a preliminary motion 
vector, and then to correct the motion vector for errors 
incurred due to regional minimums or other similar causes. 
This is done by checking for interactive effects based on the 
dispositional relationships of the search locations and the 
relative magnitudes of the SADs. 

[0033] To perform this analysis, a set of level-values are 
calculated and are shown in Table 3. Table 3 shows, for each 
column of Table 1, the sums of the SADs having similar 
distinct values and a column containing the absolute (ABS) 
difference of those values. To continue with the previous 
example, Table 1 shows Sample 1, Sample 2, Sample 3, and 
Sample 4 all having a “0” in the column “A”. Therefore, to 
construct the Table 3, the SADs for Sample 1 (123), Sample 
2 (234), Sample 3 (23), and Sample 4 (545) are added 
together and the sum (123+234+23+545=925) is placed in 
the “Level 0” column of the Table 3 in the row marked “A”. 
The sum of the SADs of the samples having a “1” in Column 
“A” of Table 1 (Sample 5, Sample 6, Sample 7, and Sample 
8) are placed in the “Level 1” column of the Table 3 in the 
row marked “A”. The column of the Table 3 marked “ABS 
Diff” represents the absolute difference between the “Level 
0” values and the “Level 1” values for that row. For the row 
marked “A”, the “ABS Diff” is therefore ABS(Level 0 Level 
1)=ABS(925 1779)=854. Level-values for the remaining 6 
columns of the Table 1 are calculated in the same manner 
and are shown in the Table 3. 

TABLE 3 

Level 0 Level 1 ABS Diff 

A 925 1779 854 
B 1113 1591 478 
C 848 1856 1008 
D 1880 824 1056 
AB 1380 1324 56 
AC 1223 1481 258 
BC 1235 824 1056 

[0034] Once the level-values of the Table 3 have been 
determined, the minimum level-value (Level 0 or Level 1) 
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for each of the roWs A, B, C, and D in Table 3 is used to 
generate the respective bits of a preliminary motion vector 
(ABxxl, CDyyl) If, as in the example for roW “A”, the value 
of Level 0 is less than the value of Level 1, then the bit “A” 
in the preliminary motion vector is set to be “0”, otherWise 
the bit “A” of the preliminary motion vector is set to be “1”. 
The bits B, C, and D of the preliminary motion are deter 
mined similarly. In this example, A=0, B=0, C=0, and D=1 
so the preliminary motion vector becomes (00xx1, 01yy1). 

[0035] Note that the values of the preliminary motion 
vector of this example differ (but do not necessarily need to 
differ) from the values that Would have been selected by the 
prior art as discussed above (that of the Sample 3 (01xx1, 
01yy1)). This is due to interactive effects based on the 
dispositional relationships of the search locations and the 
relative magnitudes of the SADs. 

[0036] The results are next checked for variance using a 
set of formulas. The orthogonal table (Table 1) of the present 
invention is used to generate a candidate result list that can 
be used to modify the preliminary motion vector if the 
formulas indicate that the preliminary motion vector needs 
to be modi?ed. In this example, the candidate result list Will 
be generated before applying the formulas to simplify the 
procedural explanation. Obviously, the candidate result list 
can equally Well be generated only in response to one or 
more of the formulas. Either method falls Within the scope 
of the present invention. 

[0037] To generate the candidate result list, the appropri 
ate columns A, B, and C of the Table 1 are each used to 
produce one set of 4 candidate results (3 separate lists of 4 
results). Combinations representing AB, AC, and BC are 
represented in the orthogonal table and therefore need to be 
calculated as candidate results. Possible combinations such 
as AD, BD, and CD are not present in the columns of the 
orthogonal table and therefore do not need to be calculated. 

[0038] Continuing With the example, there are 4 combi 
nations of the distinct values “1” and “0” in the columns A 
and B of the Table 1: 

[0039] 1) A=“0”, B=“0” and represented as AOBO, 

[0040] 2) A=“0”, B=“1” represented as AOB1, 

[0041] 3) A=“1”, B=“0” (A1B0), and 

[0042] 4) A=“1”, B=“1” (A1B1). 

[0043] The value assigned to AOBO is equal to the sum of 
the SADs of the search locations in the Table 1 having A 
equal to “0” and B equal to “0”, or Sample 1 (123)+Sample 
2 (234)=357. The value assigned to AOB1 is equal to the sum 
of the SADs of the search locations having A equal to “0” 
and B equal to “1”, or Sample 3 (23)+Sample 4 (545)=568. 
The value assigned to A1B0 is equal to Sample 5 (123)+ 
Sample 6 (633)=756. The value assigned to A1B1 is equal 
to Sample 7 (579)+Sample 8 (444)=1023. The values for the 
remaining candidate result lists are calculated similarly and 
each set is sorted in ascending order to produce a ?nished 
candidate result list of: 

[0044] AOB0=357, AOB1=568, A1B0=756, A1B1= 
1023 

[0045] AOC0=146, A1C0=702, AOC1=779, A1C1= 
1077 
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[0046] BOC0=246, B1C0=602, BOC1=867, B1C1= 
989 

[0047] Only one representative of each of the 3 candidate 
result lists Whose value is the loWest Within that list is 
considered a ?nal candidate result. Obviously, merely select 
ing the representative With the loWest instead of sorting the 
values falls Within the scope of the invention. Here, AOBO, 
AOCO, and BOCO are ?nal candidate results. 

[0048] Lastly, the formulas comprise 3 predetermined 
thresholds representing the amount of variance tolerated 
according to design parameters before resorting to the use of 
a candidate result. Each of the thresholds, Which are referred 
to here as TR_AB, TR_AC, and TR_BC corresponds to one 
of the interactive effect columns (AB, AC, and BC) of the 
Table 1. The speci?c value of each threshold TR_AB, 
TR_AC, or TR_BC can be determined by experimental 
methods. In this example, TR_AB=TR_AC=TR_BC=300 is 
assumed although other values may be used Without depart 
ing from the spirit of the invention. 

[0049] When the values shoWn in the Table 3 have been 
calculated and the preliminary motion vector has been 
determined, the formulas listed beloW are used to check for 
additional interactive effects requiring an adjustment to the 
preliminary motion vector. The symbols representing the 
threshold values TR_AB, TR_AC, and TR_BC have already 
been discussed. The remaining symbols used in the formulas 
refer directly to the “ABS diff” column (the third level 
value) of the Table 3. For example, “D_A” is the “ABS diff” 
column of the Table 3 for the roW “A”, “D_B” is the “ABS 
diff” column of the Table 3 for the roW “B”, and “D_AB” is 
the “ABS diff” column of the Table 3 for the roW “AB”. The 
formulas are as folloWs and are labeled 1-6 for convenience: 

[0050] 1) If ((D_A<D_AB+TR_AB) AND 
(D_AB>D_AC)), use the candidate result to change 
the level of “A”. 

[0051] 2) If ((D_A<D_AC+TR_AC) AND 
(D_AC>D_AB)), use the candidate result to change 
the level of “A”. 

[0052] 3) If ((D_B<D_AB+TR_AB) AND 
(D_AB>D_BC)), use the candidate result to change 
the level of “B”. 

[0053] 4) If ((D_B<D_BC+TR_BC) AND 
(D_BC>D_AB)), use the candidate result to change 
the level of “B”. 

[0054] 5) If ((D_C<D_BC+TR_BC) AND 
(D_BC>D_AC)), use the candidate result to change 
the level of “C”. 

[0055] 6) If ((D_C<D_AC+TR_AC) AND 
(D_AC>D_BC)), use the candidate result to change 
the level of “A”. 

[0056] Using the example level-values and Working 
through the formulas concerning the proper level of “A”, 
(854<56+300) and (56>258) of the formula 1 are both false 
as is (854<258+300) of the formula 2 and therefore indicate 
that the level of “A” does not need to be changed. 

[0057] Continuing With the formulas 3 and 4 concerning 
the proper level for “B”, the formula 3 ((478<56+300) and 
(56>234)) is again false. HoWever, the formula 4 (478<234+ 
300) and (234>56), both of Which are obviously true. This 
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indicates the need of referring to the proper candidate result 
to determine the proper level of “B” (currently a “0” in the 
preliminary motion vector). Generating candidate results 
Was described previously. The proper candidate result to use 
comprises values for “B” and “C” (BOCO) because the third 
level-value for “BC” appears in both equations of the 
formula 4. In the current example, the interactive effects 
from “BC” are large enough to consider modifying the 
preliminary motion vector. If the formula 3, also concerning 
the proper level of “B”, Would have proved true, that 
formula 3 Would have indicated using a different candidate 
result AOBO because that formula concerns the interactive 
effects of the levels of “AB”. 

[0058] HoWever, the formula 4 indicates that the candidate 
result BOCO is to be used. Therefore, the “B” in the pre 
liminary motion vector (a “0”) is replaced by the level-value 
of the “B” in the proper candidate result. In this case, the 
level-value of the “B” in BOCO is obviously “0” so that the 
preliminary motion vector remains effectively unchanged. 
HoWever, given a different example, the level-value of a 
proper candidate result may change a bit in the preliminary 
motion vector from a “0” to a “1” or even from a “1” to a 

“0” depending on the results of the formulas and the 
candidate list. 

[0059] The formulas 5 and 6 concern the proper level of 
“C” and both evaluate to false, therefore, no change of the 
preliminary motion vector is indicated. Note that there are 
only three sets of formulas and that none of the three sets can 
alter the value of “D”. As explained previously, this is 
because the orthogonal table (Table 1) used by the present 
invention does not comprise a column for interactive effects 
concerning “D”. 

[0060] The ?nished ?nal motion vector is generated by 
modifying the preliminary motion vector as indicated to do 
so by the formulas and the candidate results. Concluding the 
above example, the ?nal motion vector is (00xx1, 01yy1), 
indicating that the coordinate (00xx1, 01yy1) of search 
WindoW should be the starting location of any subsequent 
searches on this or any other layers. 

[0061] FIG. 4 is a ?oWchart that gives a good overvieW of 
motion estimation according to the present invention. As can 
be seen in FIG. 4, the method comprises the folloWing steps: 

[0062] Step 100: 

[0063] Select the search locations Within the search 
WindoW. As described above, these search locations 
come from the Table 1; 

[0064] Step 110: 

[0065] Generate a match-value for each search loca 
tion. The match-value represents hoW closely that 
search location matches a reference block; 

[0066] Step 120: 

[0067] Generate the ?rst level-values, the second 
level-values, and the third level-values based on the 
match-values; 

[0068] Step 130: 

[0069] Generate a preliminary motion vector based 
on the relative magnitudes of the ?rst level-values 
and the second level-values; 

Jun. 3, 2004 

[0070] Step 140: 

[0071] Generate candidate results based on the 
match-values; and 

[0072] Step 150: 

[0073] Generate the ?nal motion vector by altering 
the preliminary motion vector to values designated 
by the candidate results When the predetermined 
formulas indicate that the preliminary motion vector 
requires adjustment. 

[0074] Tables 4 and 5 compare the results of searches 
using a sample reference block and a sample search WindoW 
using tWo prior art methods and the method employed by the 
present invention. Both of the Table 4 and the Table 5 use an 
8 by 8 pixel reference block and search a 16 by 16 pixel 
search WindoW. Each roW of the Tables 4 and 5 shoW, in an 
“X, Y” format, the target’s location and the motion vector 
obtained by a Full Search, by a Three Step Search, and by 
the present invention. 

[0075] The Table 4 uses a reference block comprising a 
Well-de?ned Woman’s eye as the Woman’s eye is moved to 
different target locations Within the search WindoW. As can 
be seen in Table 4, the accuracy of the present invention 
exceeds the Three Step Search even though the present 
method employs feWer search locations and thus feWer 
calculations. 

TABLE 4 

Target Location Full Search Three Step Present Invention 

2, 2 2, 2 2, 2 2, 2 
2, 6 2, 6 2, 6 3, 6 
2, 11 2, 11 2, 11 2, 11 
2, 15 2, 15 4, 15 2, 15 
6, 2 6, 2 6, 2 6, 2 
6, 6 6, 6 6, 6 6, 6 
6, 11 6, 11 6, 11 6, 11 
6, 15 6, 15 9, 15 6, 15 
11, 2 11, 2 11, 2 11, 2 
11, 6 11, 6 11, 6 11, 6 
11, 11 11, 11 11, 11 11, 11 
11, 15 11, 15 11, 15 11, 15 
15, 2 15, 2 15, 2 15, 2 
15, 6 15, 6 15, 6 15, 6 
15, 11 15, 11 15, 11 15, 11 
15, 15 15, 15 15, 15 15, 15 

Total Error — 5 1 

[0076] The Table 5 uses a reference block comprising a 
someWhat less de?ned Widget as the Widget is moved to 
different target locations Within the search WindoW. As can 
be seen in Table 5, the accuracy of the present invention 
again exceeds the Three Step 

[0077] Search even though the present method employs 
feWer search locations. 

TABLE 5 

Target Location Full Search Three Step Present Invention 

2, 2 2, 2 15, 9 15, 1 
2, 6 2, 6 15, 13 15, 5 
2, 1O 2, 1O 15, 9 2, 1O 
2, 13 2, 13 5, 11 6, 13 
2 15 15, 14 15, 12 5, 12 
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TABLE 5 -continued 

Target Location Full Search Three Step Present Invention 

6, 2 6, 2 6, 2 15, 2 
6, 6 6, 6 9, 6 6, 6 
6, 1O 6, 1O 10, 1O 6, 1O 
6, 13 6, 13 6, 13 6, 13 
6, 15 5, 15 7, 12 7, 12 
10, 2 10, 2 10, 2 10, 2 
10, 6 10, 6 10, 6 10, 6 
10, 1O 10, 1O 10, 1O 10, 1O 
10, 13 10, 13 10, 13 9, 13 
10, 15 9, 15 12, 12 12, 12 
13, 6 13, 6 13, 6 13, 6 
13, 1O 13, 1O 13, 1O 13, 1O 
13, 13 13, 13 13, 13 13, 13 
13, 15 12, 15 9, 12 9, 12 
15, 2 15, 2 10, 1O 15, 2 
15, 6 15, 6 15, 6 15, 6 
15, 1O 15, 1O 12, 6 15, 1O 
15, 13 15, 13 12, 9 15, 13 
15, 15 15, 15 13, 15 13, 15 

Average Error 06415 39298 33877 

[0078] A device for video compression using motion esti 
mation according to the present invention is shoWn in FIG. 
5. The device 10 comprises a control circuit 20 for executing 
computer code and a memory 30. The memory 30 comprises 
computer code 40 that determines a plurality of search 
locations Within a search WindoW, computer code 50 that 
compares a reference block With each search location and 
generates a match-value for each search location indicating 
hoW closely each search location matches the reference 
block, computer code 60 that generates a plurality level 
values based on a ?rst dispositional relationship of the 
search locations and the relative magnitudes of the match 
values, computer code 70 that generates a preliminary 
motion vector based on the level-values, computer code 80 
that generates candidate results based on a second disposi 
tional relationship of the search locations and the relative 
magnitudes of the match-values, and computer code 90 that 
generates a ?nal motion vector by altering the preliminary 
motion vector according to the candidate results as indicated 
by a predetermined set of formulas. The control circuit 
executes the computer code 40-90 to generate the motion 
vector for video compression according to the present inven 
tion. Obviously, it may be possible to practice the teachings 
of the present invention Without having all of the computer 
code 40-90 in memory simultaneously. One embodiment of 
the present invention has the computer code 40-90 on a 
computer readable media, such as a CD or a hard disk, and 
loads the computer code 40-90 into memory for execution as 
needed. Additionally, motion estimation according to the 
present invention can obviously be used in combination With 
other methods. For example, the present invention can be 
used on one layer of a multi-layered search and the Three 
Step method used on the remaining layers With good results. 

[0079] In contrast to the prior art, the present invention 
reduces the number of search locations Within a search 
WindoW by selecting the locations from a prede?ned 
orthogonal table. These search locations are then compared 
With a reference block to generate match-values to indicate 
hoW closely each search location matches the reference 
block. 

[0080] Here, the prior art generates a motion vector based 
on the minimum match-value. In contrast, the present inven 
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tion uses the match-values to generate level-values re?ecting 
dispositional relationships of the search locations and the 
relative magnitudes of the match-values. A preliminary 
motion vector is generated according to the relative magni 
tudes of associated level-values. Candidate results are also 
generated based on the match-values of proximate search 
locations. Predetermined formulas are applied to the level 
values and the preliminary motion vector is altered accord 
ing to the candidate results When indicated to do so by the 
results of the formulas. 

[0081] The present invention discloses an experimental 
design for motion estimation in video compression that 
reduces the number of search locations in a search WindoW, 
thereby reducing the processor load and increasing the speed 
of video compression/decompression. Furthermore, the ben 
e?ts of the present invention are obtained Without sacri?cing 
accuracy in motion vector determination, and therefore 
Without sacri?cing the quality of the video image. 

[0082] Those skilled in the art Will readily observe that 
numerous modi?cations and alterations of the device and 
method may be made While retaining the teachings of the 
invention. Accordingly, the above disclosure should be 
construed as limited only by the metes and bounds of the 
appended claims. 

What is claimed is: 
1. A method for motion estimation in video compression, 

the method comprising: 

selecting a plurality of search locations Within a search 
WindoW; 

generating a match-value for each search location indi 
cating hoW closely each search location matches a 
reference block; 

generating a plurality of level-values based on ?rst dis 
positional relationships of the search locations and the 
relative magnitudes of the match-values; 

generating a preliminary motion vector based on the 
level-values; 

generating a plurality of candidate results based on second 
dispositional relationships of the search locations and 
the relative magnitudes of the match-values; and 

generating a ?nal motion vector by altering the prelimi 
nary motion vector according to the candidate results as 
indicated by a predetermined set of formulas. 

2. The method of claim 1 Wherein the search locations are 
selected according to a predetermined table comprising a 
?rst column, a second column, and a plurality of roWs, each 
roW in the table specifying a unique search location. 

3. The method of claim 2 Wherein the table is an orthogo 
nal table generated using the statistical model x=p+A+B+ 
C+D+A><B+A><C+B><C+e Where e is an error factor, and p is 
an average of A, B, C, D, AB, AC, and BC, the orthogonal 
table having columns A, B, C, and D. 

4. The method of claim 3 Wherein the column Aequals the 
most signi?cant bit of an X coordinate in the search WindoW, 
the column B equals the second most signi?cant bit of the X 
coordinate in the search WindoW, the column C equals the 
most signi?cant bit of a Y coordinate in the search WindoW, 
the column D equals the second most signi?cant bit of the 
Y coordinate in the search WindoW. 
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5. The method of claim 2 wherein generating the candi 
date results comprises separately summing the match-values 
of the search locations having a third value in the ?rst 
column and the third value in the second column, having the 
third value in the ?rst column and a fourth value in the 
second column, having the fourth value in the ?rst column 
and the third value in the second column, and having the 
fourth value in the ?rst column and the fourth value in the 
second column, and selecting the smallest sum as the 
candidate result. 

6. The method of claim 2 Wherein the level-values com 
prise, for each column in the predetermined table, a ?rst 
level-value being a sum of the match-values of the search 
locations having a ?rst value in that column, a second 
level-value being a sum of the match-values of the search 
locations having a second value in that column, and a third 
level-value being the absolute difference betWeen the ?rst 
level-value and the second level-value. 

7. The method of claim 6 Wherein the preliminary motion 
vector comprises a plurality of bits representing an X 
coordinate Within the search WindoW and a plurality of bits 
representing a Y coordinate Within the search WindoW, the 
most signi?cant bit of the X coordinate of the preliminary 
motion vector is the ?rst value if the ?rst level-value of the 
?rst column is less than the second level-value of the ?rst 
column and the most signi?cant bit of the X coordinate of 
the preliminary motion vector is the second value if the ?rst 
level-value of the ?rst column is not less than the second 
level-value of the ?rst column, the Y coordinate of the 
preliminary motion vector is the ?rst value if the ?rst 
level-value of the second column is less than the second 
level-value of the second column and the most signi?cant bit 
of the Y coordinate of the preliminary motion vector is the 
second value if the ?rst level-value of the second column is 
not less than the second level-value of the second column. 

8. The method of claim 6 Wherein the ?nal motion vector 
comprises a plurality of bits representing an X coordinate 
Within the search WindoW and a plurality of bits representing 
a Y coordinate Within the search WindoW, the candidate 
results being used to generate the most signi?cant bit of the 
X coordinate of the ?nal motion vector When indicated by 
the predetermined set of formulas and the candidate results 
being used to generate the most signi?cant bit of the Y 
coordinate of the ?nal motion vector When indicated by the 
predetermined set of formulas. 

9. The method of claim 1 Wherein generating the match 
values comprises calculating the sum of the absolute differ 
ences in brightness betWeen each piXel in the reference 
block and a corresponding piXel in the search location to 
generate the match-value for that search location. 

10. Adevice for motion estimation in video compression, 
the device comprising: 

a control circuit for executing computer code; and 

a memory comprising: 

computer code that determines a plurality of search loca 
tions Within a search WindoW; 

computer code that compares a reference block With each 
search location and generates a match-value for each 
search location indicating hoW closely each search 
location matches the reference block; 
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computer code that generates a plurality level-values 
based on a ?rst dispositional relationship of the search 
locations and the relative magnitudes of the match 
values; 

computer code that generates a preliminary motion vector 
based on the level-values; 

computer code that generates candidate results based on a 
second dispositional relationship of the search loca 
tions and the relative magnitudes of the match-values; 
and 

computer code that generates a ?nal motion vector by 
altering the preliminary motion vector according to the 
candidate results as indicated by a predetermined set of 
formulas. 

11. The device of claim 10 Wherein the memory further 
comprises a predetermined orthogonal table having a ?rst 
column, a second column, and a plurality of roWs, each roW 
in the table specifying a unique search location. 

12. The device of claim 11 Wherein the orthogonal table 
is conformal With the statistical model X=M+A+B+C+D+A>< 
B+A><C+B><C+e Where e is an error factor, and p is an 
average of A, B, C, D, AB, AC, and BC. 

13. The device of claim 11 Wherein the level-values 
comprise, for each column in the predetermined table, a ?rst 
level-value being a sum of the match-values of the search 
locations having a ?rst value in that column, a second 
level-value being a sum of the match-values of the search 
locations having a second value in that column, and a third 
level-value being the absolute difference betWeen the ?rst 
level-value and the second level-value. 

14. The device of claim 13 Wherein the preliminary 
motion vector comprises a plurality of bits representing an 
X coordinate Within the search WindoW and a plurality of 
bits representing a Y coordinate Within the search WindoW, 
the most signi?cant bit of the X coordinate of the prelimi 
nary motion vector is the ?rst value if the ?rst level-value of 
the ?rst column is less than the second level-value of the ?rst 
column and the most signi?cant bit of the X coordinate of 
the preliminary motion vector is the second value if the ?rst 
level-value of the ?rst column is not less than the second 
level-value of the ?rst column, the Y coordinate of the 
preliminary motion vector is the ?rst value if the ?rst 
level-value of the second column is less than the second 
level-value of the second column and the most signi?cant bit 
of the Y coordinate of the preliminary motion vector is the 
second value if the ?rst level-value of the second column is 
not less than the second level-value of the second column. 

15. The device of claim 13 Wherein the ?nal motion vector 
comprises a plurality of bits representing an X coordinate 
Within the search WindoW and a plurality of bits representing 
a Y coordinate Within the search WindoW, the candidate 
results being used to generate the most signi?cant bit of the 
X coordinate of the ?nal motion vector When indicated by 
the predetermined set of formulas and the candidate results 
being used to generate the most signi?cant bit of the Y 
coordinate of the ?nal motion vector When indicated by the 
predetermined set of formulas. 

16. A computer readable media used for motion estima 
tion in video compression, the computer readable media 
comprising: 

computer code that determines a plurality of search loca 
tions Within a search WindoW; 
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computer code that compares a reference block With each 
search location and generates a match-value for each 
search location indicating hoW closely each search 
location matches the reference block; 

computer code that generates a plurality level-values 
based on a ?rst dispositional relationship of the search 
locations and the relative magnitudes of the match 
values; 

computer code that generates a preliminary motion vector 
based on the level-values; 
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computer code that generates candidate results based on a 
second dispositional relationship of the search loca 
tions and the relative magnitudes of the match-values; 
and 

computer code that generates a ?nal motion vector by 
altering the preliminary motion vector according to the 
candidate results as indicated by a predetermined set of 
formulas. 


